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The European XFEL
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Detectors for the European XFEL LPD e
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Overview

W8 The LPD 1M Setup at the

FXE instrument
W Calibration Status

“First User Experience
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The LPD Detector

Built by the Rutherford Appleton Laboratory for
the European XFEL
(Project Leaders: M. French, M. Hart)

Ambient operation with photon energies 5-
20keV

1 Megapixel - 500um pixels
4.5MHz frame rate

High dynamic range, 1 to >104 photons per
pixel per pulse. Using parallel gain stages (1x,
10x, 100x)

512(510) frame memory depth continuously
stores all three gains, overwriting whenever a
veto is received

Output data rate ~10GByte/s per Megapixel
L J | European XFEL
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Components
NEW: Upgraded Front End DAQ
NEW: Upgraded Backplane Power Card Module {(FEM)
PCB - .
Heat Exchanger -

-
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QS

NEW: Upgraded

Power Card
Super-module

Frame

Detector Tile NEW: Upgraded NEW: Additional
Sensorand ASICs Feed-through Card Water Cooling

Manifold
I B Y European XFEL
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Components
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LPD at FXE and Quadrant Movement

European XFEL
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Beam pipes with diameter of 4mm and 10mm are
provided by RAL (stainless steel w. carbon sheath)

Max. opening diameter: 30mm
Movement precision: 50 um

Special pipes can be provided on request
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The Big Picture

PC-Layer
European

- Trainbuilder format to archive format
- Data quality monitoring
- Checksum
~ - Simple algorithms

- Access data through metadata catalogue
- Access detector performance data

- Request calibrated from XFEL.EU

- Perform final analysis

- Publish

- Pixel reordering
- Tile aggregation

Raw data
repository

—
Detector experts

—
Instrument scientists
Offline
- Callibration processing
- Callibration application
- Monitor calibration data
- Organize calibration sets
e
Users /=
=

Detector experts

- Online monitoring - User (near) online processing
- Rapid feedback - Scientific analysis (preliminary)
- Rapid feedback for experiment S
’ = . Rapid feedback User data store
Not shown is technical infrastructure such as switches. Raw data Calibrated data Calibration data
Alignment datasets are shipped with the data products and tools for e o e e e e e o
coordinate system conversion are provided by the facility. PC-layer Trsinbuilder-format ~ Data  Cal. constants Data Cal. constants

I N W European Arch
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Calibration Pipeline - Example

Example LPD: In terms of e.g. offset correction the LPD is 1.5 Gpixel detector:

1 Mpix x 512 memory cells x 3 gains
- “Offset Map” has approx. 3 GB in size

Offset ODﬁ‘SEt + CM ° Offset PMC

~10° correction and
calibration constants,
evaluated for the
correct detector
operating conditions.

100

oise (photens)
(photons)

oise (photons)

Pixel colum,
(photons)

Noise

150

~ Gigabytes of calibration
constants needed

200

50

0 51015202530
Pixel row

10

pixel
row/column

image

Vv

L ™ . .
CM DroopD:D Gain 1 Split
correct. correct. correct. events
CTI
correct.

I B W European XFEL
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Calibration Catalogue

/Observation
with Det. X at
Condition Y

constants

<

Philipp-M. Lang, European XFEL GmbH

11

Condition Set1: T=20° C+1° C,V =200V + 5V, E =12keV =

0.1keV,

European XFEL

p = log(10-3bar) = 1log(bar) ...

A Lol

p = log(103bar) = 1log(bar) ...

Condition Set2: T=25° C+1° C,V =200V * 5V, E =18keV *
0.1keV,

Condition Setn: T=21° C+1° C,V=195V £ 5V, E = 12keV =
0.1keV,
p = log(10-3bar) £ 1log(bar) ...
tum efficiency
Gai Gain map

p ap | Offsetmap | Offsetmap | Offsetmap | Offset map

ap ap | Noise map | Noise map | Noise map | Noise map
Week 10 Week 11 ~




iWoRiD 2018, 28.6.2018

Calibration Catalogue
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with Det. X at
Condition Y
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Condition Set1: T=20° C+1° C,V =200V + 5V, E =12keV =

0 1keV,

Conditi
0.1ke!

European XFEL

p = log(10-3bar) = 1log(bar) ...

t2: T=25° Cx1° C,V=200V = 5V, E = 18keV =
) )g(10-3bar) £ 1log(bar) ...
Condition Setn: T=21° C+1° C,V=195V £ 5V, E = 12keV =
G@é .1keV,
//)0 p = log(10-3bar) = 1log(bar) ...
%
{9 tum efficiency
G Gain map
p ap | Offsetmap | Offsetmap | Offsetmap | Offset map
ap ap | Noise map | Noise map | Noise map | Noise map
Week 10 Week 11 ~
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Calibration Catalogue
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Condition Set1: T=20° C+1° C,V =200V + 5V, E =12keV =

0 1keV,
. p = log(10-3bar) = 1log(bar) ...
/Observation Conditi & t2:T=25° C+1° C,V =200V % 5V, E = 18keV +
with Det. X at 0.1ke
Condition Y [ »g(10-3bar) = 1log(bar) ...
— Condition Setn: T=21° Cx1° C,V=195V £ 5V, E = 12keV %
==
-_— o XV 3
_——— _ = log(10-3bar) £ 1log(bar) ...
= == 0 /)00 p = log( ) g(bar)
: _———— .
required — p Q/é tum efficiency
constants [
G Gain map
k X p ap | Offsetmap | Offsetmap | Offsetmap | Offset map
ap ap | Noise map | Noise map | Noise map | Noise map
Week 10 Week 11 ”
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Calibration Report

—

"LPD Offline Correction °

Documentation
Release 1.0

A report is generated whenever

B= New calibration data is generated (e.g.
dark images)

B Corrections are applied to raw data

'S. Hauf'

Contains

I Information about settings

B Parameters for offset, noise etc. per
supermodule

Bl Single shot preview

B Averaged preview images

B Map of (max) gain values reached

[

Jun 09, 2018

Information about steps how constants are
generated are documented via readthedocs
and accessible to users

L J | European XFEL
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Detector Offset and Noise Noise

ADU 100x, 5pF 10x, 5pF 1x, 5pF
Q1M1 11.81 3.71 2.51
s -~ Q1M2 11.72 3.69 2.5
Q4M2 - e e SRR oy A Q1M3 17.23 7.24 2.42
Bad P|Xe|s \loiIse [ .. Q1M4 11.73 3.74 2.54
le - SR S Q2M1 15.25 9.88 8.34
R Rl R B g Q2M3 11.7 3.71 2.51
S el 4] e Q2am4 12.09 3.78 2.52
| SR W e Q3M2 12.98 6.19 4.69
Pl el e L, @3m3 18.02 11.17 10.39
Bo Q3M4 11.72 3.69 2.53
, T R Q4M1 30.26 20.97 21.39
PR GEE e W QAM2 18.21 4.61 2.65
; i 2 Q4M3 11.63 3.69 2.52
' i o Q4M4 11.67 3.7 2.53

Offsets are acquired using a Karabo middle-layer

device, automatically switching detector configuration,
state and DAQ

Offset and noise deduced for each module

« Pixels flagged as bad if certain thresholds are
exceeded
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Dark Image Deduced Bad Pixels — High Gain

m 0.09%
0ars
014%

m 010% m 00F%
0.34% 0.35%
0.0F% 356%

W bad pixels are pixels that:
I exceed offset thresholds
I exceed noise thresholds

¥ most modules have less
than 1% bad pixels
B exception: Q1M3,Q3M3,
Q4M1

m 017%
047%
0.05%

m 0.05%
0.38%
631%

m 00F%
0.30%
0.04%

CeeeE

16

—/ good
B offset
1 noise
3 both
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Gain Evaluation High gain, 5pF

—0
— 1
Internal charge injection circuit allows a 2
scan over a good part of the dynamic .
range )
. . 5
Overlap allows conversion between gain
stages
On-memory-cell correction,
pixel/supermodule correction done with ~1000 0 1000 ety 001 2000 3000 4000
flat field in a second step Medium gain, 5pF
. 1071 i —0
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- ‘
Coor s e < Example of a gain bit map in a liquid scattering experiment
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Performance

Assuming standard operating conditions

p2016
p2026
p2045
p2050
p2052
p2072
p2073
| Total

Bias voltage of 250V

15 °C cooling temperature

Full speed (4.5 MHz,

<100ns integration time)

Typically running at 1.1 MHz, skipping 3
images, 30 pulses per train

100 8.5

60 28

60 40

60 27

120 34.9

60 20

120 18.3
588h 176.7 TB
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Noise 0.35 photons @ 12keV
(1200 €Y)

Temporal cross-talk * <4%

(in following frame)

Spatial cross-talk < 2%

(in neighbouring pixels)

Deviation from linearity <5%

Bad pixels <1%

Relative gainmaiation <5%

(pixel-to-pixer;

Memory Droop <2%

Radiation Hardness up to 5 MGy

* Measured on pixel level, not taking into account high
occupancy effects



iWoRiD 2018, 28.6.2018 Philipp-M. Lang, European XFEL GmbH 1 9

An example from user operation

Pump-probe Scattering on Cu-
complex solution in THF
(Experiment #2052)

——ESRF
30 bunches/train, 9.3 keV, 2 — FUXFEL

~100uJ/pulse, focused to ~20 um

|
' |

S

pixel

— ST
N R
[ "
[ __ = I
B [
B 4
i F ]
< il

>4

a
-

b

=

il
i

Optical excitation: TH of
Tangerine (343 nm)

Liquid scattering with LPD, XES
with Gotthard

10

Courtsey of Grigory Smolentsev (PSI), M.
40 Laursen and K. Haldrup (DTU)

Scattering signal, S(q) [arb.un.]
o
@

00" s 10 15 20 2

5 3.0
Momentum transfer, q [1/A]

L J | European XFEL
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An example from user operation

I Azimuthally integrated scattering signal, 5(q)
H 5 2 2 H 5

25 10
Momentum transfer

European XFEL

... Pump-probe Scattering on Cu-
complex solution in THF
(Experiment #2052)

25

30 bunches/train, 9.3 keV,
== ~100ud/pulse, focused to ~20 um

Optical excitation: TH of
Tangerine (343 nm)

nnnnnn

uuuuuu Liquid scattering with LPD, XES
with Gotthard

20

——ESRF
—— EUXFEL |

Courtsey of Grigory Smolentsev (PSI), M.
Laursen and K. Haldrup (DTU)



iWoRiD 2018, 28.6.2018 Philipp-M. Lang, European XFEL GmbH

Summary and Outlook

The LPD 1M detector is successfully in operation at the FXE instrument of the European XFEL
First calibration data exists

Routines are established and in use by instruments and users, reports are generated
automatically

Large amounts of data already taken and under analysis by users

But there is also room for improvement ...

Evaluate single photon peaks once accelerator provides X-ray energies above ~14keV - confirm
conversion factors

New firmware under preparation with more flexible timing and gain switching options

More detailed study of 50pF mode and maximum dynamic range

L J | European XFEL

21



iWoRiD 2018, 28.6.2018 Philipp-M. Lang, European XFEL GmbH

Thanks to:
XFEL DET GROUP: Steffen Hauf, Alexander Kaukher, Markus Kuster, Astrid Munnich,

Natascha Raab et al.

XFEL FXE, CAS AND ITDM: Christian Bressler, Dennis Gories, Dmitry Khakhulin et al.

STFC - RAL: Marcus French, Matthew Hart, Matthew Veale et al.
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Thank you for your attention!

L J | European XFEL
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Thank you for your attention!
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Backup Slides

L J | European XFEL
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X-ray Pixels ~ Memory ADCs Output
~, ” Register
| Memory Control Logic | —
100x | & ! : : N o
50p or 10p ” \ . | l -2512 L1
@ ra AT m
10x o %ﬁ T %ﬁ P
: : Mux = »
, | [ —
Dot Preamphﬁer .1\)( | J:‘_D_ %D—‘ J;‘_} JTTD—‘ 96:1 L
> o512 g
L !oakr £ Lo £ 5
G W s _/ I~ Serial
- Pixels Output

Pixelated Silicon Sensor
ASIC (8 per sensor)
Integrating preamplifier with 2 dynamic range options (50 pF or 5 pF)
3 parallel gain stages to cover dynamic range
Analogue memory (512 frames)
On-chip ADCs (16)
Custom DAQ board (FEM) reads out 16 sensor modules
] | European XFEL
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Charge Injection Circuit

Bias 37
Vcalib
Self Test - External
Off Ref
[
Calib
PulzeB
; ExtB -—[:J_
Gnd
i - . Input to
Preamp
|

Several ways of charge injection:
20fF capacitor - high gain
200fF capacitor > medium gain
Resistor = low gain

(with overlaps)

L J | European XFEL
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